Two strains (T16 T and S12) of a Gram-reaction-negative, rod-shaped, yellow-pigmented bacterium were recovered from kidneys of feral spawning adult Chinook salmon (Oncorhynchus tshawytscha) and the gills of captive-reared Chinook salmon fingerlings suffering a mortality episode, respectively. Polyphasic characterization revealed that these strains possessed gliding motility, contained a flexirubin-type pigment, proteolysed multiple substrates (i.e. gelatin, casein and elastin), and had a mean DNA G+C content of 35.6 mol%. Sequencing of the 16S rRNA gene demonstrated that strains T16 T and S12 were nearly identical to one another (.99 % similarity) and were placed within the genus Flavobacterium, with Flavobacterium aquidurense CCUG 59847 T (98.3 %), Flavobaterium araucananum CCUG 61031 T (98.2 %) and
Flavobacterial diseases pose a serious threat to wild and propagated fish stocks worldwide. Most flavobacterial disease outbreaks in freshwater fishes have been attributed to three Flavobacterium species, namely Flavobacterium psychrophilum, Flavobacterium columnare and Flavobacterium branchiophilum (reviewed by Shotts & Starliper, 1999; Austin & Austin, 2007) . On occasion, other fishpathogenic flavobacteria have been reported in association with diseased fish, such as Flavobacterium johnsoniae (Suebsing & Kim, 2012) , Flavobacterium succinicans (Anderson & Ordal, 1961) , Flavobacterium hydatis (Strohl & Tait 1978 ) and a number of uncharacterized yellow-pigmented bacteria (reviewed by Austin & Austin, 2007) . Recently, a number of novel Flavobacterium species were isolated from diseased fish in Europe and South America, including Flavobacterium chilense and Flavobacterium araucananum (Kämpfer et al., 2012) , as well as Flavobacterium oncorhynchi (Zamora et al., 2012) . Depending on the species, flavobacteria can cause acute, subacute and chronic infections characterized by gill damage (Wakabayashi et al., 1989) , bacteraemia (Starliper, 2011) and deep necrotic ulcerations (Shotts & Starliper 1999) .
Strains T16
T and S12 were originally recovered from kidneys of feral spawning adult Chinook salmon (Oncorhynchus tshawytscha; Swan River Weir, Presque Isle County, MI, USA) and the gills of cultured Chinook salmon fingerlings suffering mortality (Thompson State Fish Hatchery, Schoolcraft County, MI, USA), respectively. Disease signs among systemically infected feral Chinook salmon (4/60 infected) included mild to severe unilateral exophthalmia, muscular ulcerations, hepatic pallor and friable kidneys. In hatchery-reared Chinook salmon fingerlings, large numbers of filamentous bacteria covering necrotic gill lamellae and hepatic pallor were observed. Tissues from affected organs were collected using sterile 10 ml disposable loops (Sigma-Aldrich) for the feral Chinook salmon, whereas 1 ml disposable loops were used for the smaller Chinook salmon fingerlings. Inocula were plated directly onto Hsu-Shotts medium (HSM; Bullock et al., 1986) , and incubated at 22 uC for 72 h. The resultant bacterial colonies grew nearly flat, had irregular spreading margins, were semi-translucent and were dark yellow. Isolates were then subcultured onto HSM for purity and incubated for 24-48 h at 22 uC for initial morphological and phenotypic characterization. All reagents were purchased from Remel unless noted otherwise. The two isolates were Gram-reaction-negative rods (3.0-5.0 mm in length) that had catalase (3 % H 2 O 2 ) and cytochrome oxidase activities (Becton Dickson, BBL Dryslide Oxidase test and BD Oxidase Reagent Dropper test), contained a flexirubin-type pigment (using 3 % KOH), but did not have cell-wall-associated galactosamine glycans (0.01 % congo red solution, Bernardet et al., 2002) . The isolates were non-motile in sulfur-indole-motility (SIM) deeps but were motile via gliding according to the hanging-drop technique (Bernardet & Nakagawa, 2006) . Isolates were cryopreserved at 280 u C in Hsu-Shotts broth supplemented with 20 % glycerol.
To definitively classify the two, apparently novel, bacterial strains, polyphasic characterization was performed. Bacterial colonies from pure 48 h cultures on HSM were harvested and genomic DNA was extracted/quantified as described by Loch et al. (2011) . Amplification of the nearly complete 16S rRNA gene was conducted via PCR using the universal primers 8F (59-AGTTGATCCTGGCTCAG-39) and 1492R (59-ACCTTGTTACGACTT-39; Sacchi et al., 2002) . Amplicons were combined with SYBR Green gel stain (Cambrex Bio Science), run on a 1.5 % agarose gel at 50 V for 40 min, and then visualized under UV light. A 1 kb plus ladder (Roche Applied Science) was used as a molecular marker.
Amplicon purification was conducted as described by Loch et al. (2011) and gene sequencing was carried out at the Genomics Technology Support Facility of Michigan State University using the following five primers: 8F, 1492R (see above), 518F (59-TACCAGGGTATCTAATCC-39), 800R (59-CCAGCAGCCGCGGTAATACG-39) and 1205F (59-AATC-ATCACGGCCCTTACGC-39). Contigs were assembled in the BioEdit Sequence Alignment Editor (Hall, 1999 ) using the contig assembly program (CAP). Generated sequences were initially analysed using the nucleotide BLASTN program software from the National Center for Biotechnology Information (NCBI) to assess sequence similarity with other bacterial species contained within the nucleotide database of NCBI. Sequences for all recognized and candidate Flavobacterium species, as well as Capnocytophaga ochracea (outgroup, U41350) were downloaded from NCBI and the EzTaxon-e database (Kim et al., 2012) and subsequently aligned with the sequences of strains T16
T and S12. Neighbour-joining analysis was then performed (Saitou & Nei, 1987) using MEGA (Ver. 5.0), with evolutionary distances being calculated using the maximum composite likelihood method (Tamura et al., 2004) . Topology robustness was evaluated by bootstrap analysis based upon 1000 resamplings of the sequences. To confirm the phylogenetic validity of the initial neighbour-joining analysis, strains T16
T and S12 and the type strains of the 12 most closely related Flavobacterium species, along with those of Flavobacterium species also recovered from fish/fish products, the type species (Flavobacterium aquatile, M62797.1) and C. ochracea (U41350, outgroup) were aligned as described above and further analysed using Bayesian and maximum-parsimony analyses. Bayesian analysis was conducted in MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) using the general time reversible model and gamma-shaped rate variation with a proportion of invariable sites. Default settings were used for the transition/transversion rate ratio (beta), topology (uniform) and prior probability distribution on branch lengths (unconstrained). The Markov chain was run for up to ten million generations, with a stopping rule in place once the analysis reached an average standard deviation of split frequencies of ,0.01 %. Two independent analyses were conducted, both with one cold and three heated chains using the default heating parameter (temp50.2). The initial 25 % of Markov chain Monte Carlo samples were discarded as burnin and sampling occurred every 100 generations. Maximum-parsimony analysis was conducted using a heuristic search of the tree space in PAUP 4.0 (Swofford, 2001 ) using tree-bisection-reconnection as the branchswapping algorithm. A total of 10 000 replicates were performed. Results from Bayesian and maximum-parsimony analyses were visualized in FigTree v1.3.1 (Rambaut, 2009 ).
T and S12 were nearly identical (¢99 %) across 1383 bp of sequenced portion of the 16S rRNA gene. Initial searches using BLASTN demonstrated that these bacteria were members of the genus Flavobacterium and were related most closely to Flavobacterium aquidurense CCUG 59847 T (98.3 %), F. araucananum CCUG 61031 T (98.2 %) and F. frigidimaris (AB183888, 98.1 %), while similarity to the Flavobacterium type species, F. aquatile (M62797.1), was 94.5 %. Interestingly, sequences are available within GenBank from similar strains (.99 %) recovered from rainbow trout in Spain (accession number HE612100.1) and from aquaculture systems in South Africa (DQ778310.1 and DQ778309.1). Neighbour-joining, maximum-parsimony and Bayesian phylogenetic analyses yielded a similar topology ( Fig. 1 , as indicated by filled circles when a node had a posterior probability or bootstrap value .50 in all three trees and a grey square when supported in two of three trees), which demonstrated that strains T16
T and S12 formed an extremely well-supported clade (bootstrap values of 99 and 91; posterior probability of 100, respectively) that was distinct from other members of the genus Flavobacterium.
Additionally, morphological, physiological and biochemical characterizations for strains T16
T and S12, F. aquidurense CCUG 59847 T and F. araucananum CCUG 61031 T were performed as recommended by Bernardet et al. (2002) and included: colony morphology on cytophaga agar (Anacker & Ordal, 1955) ; growth on cetrimide and nutrient agars (Sigma), marine agar (Becton Dickinson Microbiology Systems), trypticase soy agar (TSA), TSA supplemented with 5 % sheep erythrocytes and MaConkey agar; growth on HSM at a pH of 6.0-8.0 in increments of 0.5 (adjusted using 1 M hydrochloric acid and 1 M sodium hydroxide); growth at 4, 15, 22, 37 and 42 u C; growth on HSM at salinities ranging from 0 to 5.0 % in 1 % increments; acid/gas production from glucose (1 % final concentration, phenol red broth base); hydrolysis of aesculin (bile aesculin agar); production of indole and/or hydrogen sulfide on SIM medium; lysis of haemoglobin (0.1 %, w/v) and degradation of casein (5 %, w/v) and elastin (0.5 %) as modified from Shotts et al. (1985) using HSM as the basal medium; activity for gelatinase (Whitman, 2004) and phenylalanine deaminase (Sigma); activity for amylase [as modified from Lin et al. (1988) using HSM as the basal medium]; degradation of Tween 20 and Tween 80 (1 %, v/v; Sigma); brown pigment production from L-tyrosine [0.5 %, w/v; Sigma; modified from Pacha & Porter (1968) using HSM as the basal medium]; and degradation of agar on TSA. When HSM was used as the basal medium in the morphological, 
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Flavobacterium spartansii T16 T (JX287799) Fig. 1 . Dendrogram generated using Bayesian analysis in MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) using the general time reversible model and gamma-shaped rate variation with a proportion of invariable sites. Default settings were used for the transition/transversion rate ratio (beta), topology (uniform) and prior probability distribution on branch lengths (unconstrained). The Markov chain was run for up to ten million generations, with a stopping rule in place once the analysis reached an average standard deviation of split frequencies of ,0.01 %. Two independent analyses were conducted, both with one cold and three heated chains, using the default heating parameter (temp50.2). Posterior probabilities are denoted at all nodes ¢ 0.5. The initial 25 % of Markov chain Monte Carlo samples were discarded as burnin and sampling occurred every 100 generations. Filled circles indicate that a node was also present in the maximum-parsimony and neighbour-joining trees, while grey squares indicate that that a node was present using two of the three methods.
physiological and biochemical assays of this study, no gelatin or neomycin was added. Commercially available identification galleries (i.e. API 20E, API 20NE, API ZYM and API 50CH; bioMérieux) were inoculated according to the manufacturer's protocol; however, tests were incubated at 22 u C and read from 24 h post-inoculation to 7 days, with the exception of the API ZYM, which was read at 72 h. The biochemical and physiological characteristics of strains T16 T and S12 can be found in the species description below, while those characters that are unique for T16
T and S12 when compared with their closest relatives are listed in Table 1 .
Strains T16
T and S12 can be differentiated from F. psychrophilum, the aetiological agent of bacterial cold water disease (reviewed by Starliper, 2011) , in that the latter cannot grow on TSA or in the presence of 2.0 % NaCl and does not hydrolyse starch or aesculin (Bernardet & Bowman, 2011) . Similarly, strains T16
T and S12 can be distinguished from F. columnare, the causative agent of columnaris disease (reviewed by Shotts & Starliper, 1999) , in that the latter is congo red-positive, does not grow on TSA or in the presence of 2.0 % NaCl, does not hydrolyse aesculin and can grow at 37 u C (Bernardet & Bowman, 2011) . Strains T16 T and S12 are phenotypically distinct from F. branchiophilum, the aetiological agent of bacterial gill disease (Wakabayashi et al., 1989) , in that the latter does not possess gliding motility or contain flexirubin-type pigments, does not grow on TSA or nutrient agars or in the presence of 2.0 % NaCl, and does not hydrolyse aesculin (Bernardet & Bowman, 2011) .
For fatty acid profiling, strains T16
T and S12, F. aquidurense CCUG 59847
T and F. araucananum CCUG 61031 T were cultured on a medium containing 30 g trypticase soy broth and 15 g Bacto agar (Difco) per litre of distilled water for 24 h at 28 u C. Bacterial cells were then saponified, methylated to fatty acid methyl esters and extracted according to the protocols of the commercial Sherlock Microbial Identification System (MIDI, version 4.0; Microbial Identification System). Separation of fatty acid methyl esters was conducted via GC on an Agilent 6890A series gas chromatograph with the 7683 autoinjector and autosampler tray module (Agilent Technologies) using a fused silica capillary column (2560.2 mm) with cross-linked 5 % phenylmethyl silicone. The carrier gas was H 2 and peak identification/integration was performed using Agilent Chemstation and MIDI software (Agilent Technologies) and the Microbial Identification System database (Sasser, 1990) . The major fatty acid constituents of strains T16
T and S12, which are typical of the genus Flavobacterium (Bernardet & Bowman, 2011) , were iso-C 15 : 0 (27.5-28.2 %), C 16 : 1 v6c and/or C 16 : 1 v7c (19.6-21.4 %), iso-C 17 : 0 3-OH (8.2-8.6 %), and iso-C 15 : 0 3-OH (7.5-8.3 %), while C 15 : 1 v6c (2.2-2.8 %), iso-C 16 : 0 3-OH (1.6-1.8 %), iso-C 15 : 1 G (1.2-2.4 %) and anteiso-C 15 : 0 (1.4 %) were also present in smaller quantities (Table 2) . Interestingly, two other fatty acids are also commonly seen within this genus, namely C 15 : 0 and iso-C 15 : 0 2-OH. However, iso-C 15 : 0 2-OH was observed in only trace amounts (0.2 %) in strains T16
T and S12, while C 15 : 0 was not detected, which has occasionally been reported for other species of the genus Flavobacterium, including Flavobacterium indicum, Flavobacterium frigoris and Flavobacterium suncheonense (Bernardet & Bowman, 2011) . Additional fatty acids that were detected in strains T16
T and S12 are presented in Table 2 . Strains T16 T and S12 were unique when compared with their closest relative, F. aquidurense CCUG 59847 T , in that they contained larger percentages of C 16 : 1 v6c and/or C 16 : 1 v7c, C 16 : 0 , and C 16 : 0 3-OH, and had lower percentages of iso-C 17 : 1 v9c, C 17 : 1 v6c and iso-C 17 : 0 3-OH (Table 2) . Additional fatty acids distinguishing strains T16 T and S12 from F. araucananum CCUG 61031
T are also provided in Table 2 .
For DNA-DNA hybridization experiments and DNA G+ C content determination, total DNA from strain T16 T , F. aquidurense CCUG 59847 T and F. araucananum CCUG 61031 T was isolated according to Wilson (1987) as modified by Cleenwerck et al. (2002) . The mean DNA G+C content of strain T16 T , as determined by three independent analyses using the methods of Mesbah et al. (1989) , was 35.6 mol% and is in accordance with members of the genus Flavobacterium (Bernardet & Bowman, 2011) . Hybridizations were carried out in 50 % formamide at 35 u C (Goris et al., 1998; Cleenwerck et al., 2002) as modified from Ezaki et al. (1989) . Reciprocal reactions were performed and the percentage of DNA-DNA relatedness is reported as the mean of a minimum of six hybridizations. The mean level of DNA-DNA relatedness between strain T16 T and F. aquidurense CCUG 59847 T was 23 %, while that between strain T16 T and F. araucananum CCUG 61031
T was 29 %, both of which are far below the threshold of 70 % that is used to delineate genomic species (Wayne et al., 1987) .
The polyphasic characterization conducted in this study conclusively demonstrates that the two new isolates recovered from Chinook salmon in Michigan represent a novel species of the genus Flavobacterium, for which the name Flavobacterium spartansii sp. nov. is proposed. Pathogenicity studies with F. spartansii sp. nov. demonstrated that it is probably a facultative fish pathogen in multiple Great Lakes salmonid species (Loch & Faisal, in preparation) .
Emended description of Flavobacterium aquidurense (Cousin et al., 2007) The description is as given by Cousin et al. (2007) with the addition that F. aquidurense does not contain cellwall-associated galactosamine glycans (does not absorb congo red), does not grow on marine or cetrimide agar, grows on HSM, degrades haemoglobin, does not produce phenylalanine deaminase, and possesses elastase and gelatinase activities (using the assay of Whitman, 2004) . In the API 20E, positive for ONPG, citrate and acetoin production (Voges-Proskauer test), and weakly positive for acid production from arabinose; negative for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, gelatinase and tryptophan deaminase activities; does not produce H 2 S, indole, or acid from glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose or amygdalin, and does not reduce nitrate. In the API ZYM, a-chymotrypan activity was observed, in contrast to what was reported by Cousin et al. (2007) .
Emended description of Flavobacterium araucananum (Kä mpfer et al., 2012)
The description is as given by Kämpfer et al. (2012) with the addition that F. araucananum does not grow on MacConkey or cetrimide agar, grows on HSM, degrades haemoglobin, does not grow on HSM supplemented with 2 or 3 % NaCl, possesses catalase and elastase activity, does not produce phenylalanine deaminase, does not produce brown pigment on HSM supplemented with tyrosine, weakly degrades Tween 20 but is unable to degrade Tween 80. In the API 20E, positive for ONPG, citrate, acetoin production (Voges-Proskauer test) and nitrate reduction; negative for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, gelatinase and tryptophan deaminase activities; does not produce H 2 S, indole, or acid from glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin or arabinose. In the API 20NE, hydrolyses aesculin, utilizes PNPG, and assimilates D-glucose, L-arabinose, D-mannose, N-acetylglucosamine and maltose, but not D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate or phenylacetic acid. In the API ZYM, positive for alkaline phosphatase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, bgalactosidase, b-glucosidase and a-glucosidase acitivities; weakly positive for esterase, esterase lipase, leucine arylamidase, a-chymotrypsin and N-acetyl-b-glucosaminidase activities; negative for lipase, cysteine arylamidase, trypsin, a-galactosidase, b-glucoronidase, a-mannosidase and afucosidase activities.
Description of Flavobacterium spartansii sp. nov.
Flavobacterium spartansii (spar.tans9i.i. N.L. masc. n. spartansii of Spartans, in honour of the mascot of Michigan State University).
Cells are motile via gliding, contain a flexirubin-type pigment, are Gram-reaction-negative rods (3.0-5.0 mm in length) and do not contain cell-wall-associated galactosamine glycans (do not absorb congo red). On cytophaga medium, colonies are dark yellow, semi-translucent and T is positive, strain S12 is negative). In the API 20 NE, does not produce indole, arginine dihydrolase or urease; hydrolyses aesculin and gelatin and uses PNPG; assimilates D-glucose, D-mannose, N-acetylglucosamine, maltose and trisodium citrate, but not L-arabinose, D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid or phenylacetic acid. In the API ZYM, positive for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, valine arylamidase, cysteine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, aglucosidase and N-acetyl-b-glucosaminidase activities, but negative for lipase, trypsin, b-glucoronidase, b-glucosidase, a-mannosidase and a-fucosidase. Variable for b-galactosidase (strain T16
T is weakly positive, strain S12 is negative), and weakly positive for a-chymotrypan and a-galactosidase activities. In the API 50CH (using CHB/E medium), does not produce acid from glycerol, erythritol, D-arabinose, T is weakly positive, strain S12 is negative). The main fatty acid constituents are iso-C 15 : 0 , C 16 : 1 v6c and/or C 16 : 1 v7c, iso-C 17 : 0 3-OH, and iso-C 15 : 0 3-OH.
The type strain is T16 T (5LMG 27337 T 5ATCC BAA-2541 T ), isolated from the kidneys of a feral adult Chinook salmon (Oncorhynchus tshawytscha) returning to the Swan River Weir (Presque Isle County, MI, USA) to spawn. S12, isolated from captive-reared Chinook salmon fingerlings, is a second strain of the species.
